ABSTRACT (Continue on reverso if necessary and identify by block number)
The waterless toilet manufactured by Shasta Manufacturing, Inc., of Redding, California, was evaluated for possible use at remote military training sites and guard stations. A telephone survey' of six recreational areas indicated that park personnel were generally pleased with the performance of these units. On-site visits did not encounter offensive odors. Proper ventilation and liquid level control were found to be key factors in successful operation. A rational approach to sizing these units was developed oh the basis of local pan evaporation rates. (Smith et al. 1984) . As a result, the aerated vault latrine and the composting toilet were selected for further research and demonstrations (Scholze et al. 1986 ). These studies concluded that aerated vault latrines were most cost effective when vaults were already constructed and power was available. Composting toilets were recommended for areas where power was unavailable but not for use in cold climates because of a significant reduction in composting rates. Also, composting toilets were found to be expensive and require careful maintenance.
As an alternative to composting toilets for remote locations, the 
DESCRIPTION AND OPERATION
The Waterless Sanitation System or Shasta unit has three major components: a holding tank, a slotted basket and a toilet building. These components are shown in Figure 1 . The holding tank is made of :einforced fiberglass and is available in four models: 140, 250, 35D and 500 gal.
The basket is also made of fiberglass but is smaller in diameter and depth so that it can be suspended within the tank.
Both tank and basket are installed in the ground with the toilet building placed on top (see Fig. 2 ). For proper installation care should be taken to seal around the toilet building in order to prevent surface runoff from entering the holding tank. The "Californirn" pre-fabricated structure made by Shasta has a specially designed floor that forms a tight seal around the tank. Also, care must be taken when backfilling around the tank to avoid deformation. A deformed tank can restrict airflow around the basket and interfere with basket removal.
A unique feature of this system is the separation of solids from the liquids. The scuids are retained in the basket while the liquids drain into the under_.o-ng holding tank via the slots in the basket. According to manufacturer's literature, this separation promotes aerobic decomposition of solids and evaporation of liquids. If this separation is not maintained, the system will fail in that anaerobic decomposition will occur and obnoxious odors will be generated.
The manufacturer claims that most of the liquids in the holding tank can be removed by natural evaporation. This feature is especially attractive for remote sites where vehicle access can be difficult. Any remaining liquids can be removed through the optional pump-out pipe. If subsurface discharge is allowed at the site, liquid level control can be achieved by 2 a.Tank and slotted basket.
b. Toilet building.
-~Figure
Major comaponents of a
Shasta unit. Periodic solids removal can be accomplished by removing the toilet building and lifting the basket out of the tank. This operation will require mechanical equipment such as a tripod and block and tackle.
In accessible areas, solids can be removed by flushing the unit ane removing the resulting slurry with a conventional septic tank pump truck.
Ventilation is critical to the performance of these units. Without adequate ventilation, the solids will not decompose aerobically and the liquids will not evaporate. The system was designed to operate on natural ventilation only. However, the manufacturer recommnds forced ventilation whenever possible. Electrical (a.c.) and solar-powered (d.c.) vent fans are available as options.
A comparison of costs, advantages and disadvantages of ths Shasta unit with other remote site waste treatment technologies is shown in Table 1 .
Overall$ the Shasta units are very competitive both in cost and in the advantages they offer. The main disadvantage is the lack of a rational design approach, which makes it difficult to select the proper unit.
EVALUATION OF PEbRFORMANCH
There is little published information on the performa.nce of Shasta units. However, the National Park Service (Jensen 1984) recently Completed an extensive study of several 500-gal. units located in Wyoming (Fossil Butte National Monument), and Arizona (Glen Canyon National Recreation Area and Grand Canyon National Park)* This study reported fly and odor problems with several units after only one or two years of operation. Overloading and poorly installed ventilation system were cited as the main causes,, In an attempt to correct this situation, some units were modified by installing a solar vent fan, drain pipe, and a urinal. The purpose of the urinal was to keep the solids in the basket drier by diverting the urine into the holding tank. According to Jensen*, these modifications were working well but the solids were accumulating faster than anticipated. Since there is no vehicle access to the area, cleanout of the basket must be accomplished by hand, which is an unpopular task among maintenance personnel.
A telephone survey (see App. A) was conducted to learn more about the performance of these units at six other locations. Generally, the survey found that park rangers and managers were pleased with their Shasta units.
The only complaint came from a ranget at the Car-Gatineau Park in Ontario,
Canada, who reported a slight odor problem. According to the manufacturer, these odors were caused by a poor vent design. The toilet buildings used at the Car-Gatineau Park were locally manufactured and did not meet specifications for ventilation. This problem was solved by redesigning the ventilation system.
Three on-site visits were conducted to observe firszhand the performance of Shasta units under various climatic conditions. The first site was in a hot and humid climate (Shenandoah National Park, Virginia), the second in a cold anO humid climate (Tongass National Forest, Alaska) and the third of the drain pipe was screened to prevent animal intrusion* The ground beneath the end of the drain pipe was wet, indicating that either condensation or liquid discharge from the tank had occurred. Figure 3 is a photograph of the unit.
During s visit I noticed only a slight odor in the vicinity of the unit. A bucket of lum was provided as an aid for odor control. Mr.
Jinkins stated that he had no problems with this unit during two full years of operation.
Tonsass National Forest
On 11 October 1985 1 visited a 500-gal. Shasta unit near the shores of Lake Iva, 25 miles north of Sitka, Alaska. This unit was located about 100
ft from a log cabin that accommodates about 200 to 300 people per year during the summer months (130 days in 1984). A locally made wooden toilet building was placed over the Shasta unit (see Fig. 4 ). Although the buildp Figure 4 . Shasta unit at Tungass National Forest, Alaska.
ing was well ventilated, there was little ventilation in the unit because uo vent pipes went into the tank and basket. Consequently, the basket was about half full with moist solids, indicating that dehydration was not taking place. Tiespite this deficiency, o..ly a slight odor could be noticed near the ukii.
According to Thomas Keyes of the U.S. Forest Service, the unit filled with liquids after two seasons.
It was emptied by first pumping water into the tank to resuspend the solids. The contents were then removed with a diaphram pump and discharged and buried in a pit located behind the toilet building.
Mr. Keyes concluded that some decomposition and evaporation had occurred but not enough to keep the vault from filling.
Overall he was satisfied with the Shasta unit.
Englebright Lake
Located near Sacramento, California, Englebright Lake Recreation Area is operated by tbe U.S. Army Corps of Engineers. In March of 1986, I met with Douglas Grothe, Park Manager, who was in the process of installing 20, 250-gal. units and 10, 140-gal. units around the lake. He explained that the main reasons for selecting Shasta units were that they were lower in maintenance cost than the previously used chemical toilets, and they protected the groundwater which feeds into the lake. Figure 5 shows the installation of a 250-gal. holding tank.
During the first summer of operation, 5 or 6 of the 140-gallon units had to be pumped out because of solids accumulation*. According to the manufacturers these units were utilized far in excess of their capacity.
Instead of slumping and spreading out in the basket as expected, the solids accumulated into a cone-shaped pile. In some cases this pile attained such a height that it protruded into the lower portion of the toilet riser. Installing forms for concre~te base. should be noted that some of these units were located An sheltered areas with abundant foliage overhead and little wind. All other Shasta unit-s were reported to be functioning well.
While in the northern California area, I visited Ball's Ferry County Park which had two 250-gal. units. Installed three years ago, these units had never been pumped out. Inspection of the units indicated that the solids in one of the baskets were saturated but little odor was evident.
This particular installation did not have a protective rain cap on the stack vent. Moisture could have entered the basket via the vent during a laige rainstorm that preceded my inspection.
I also visited a site (French Gulch) which had been in operation for five years. Again there were no odors and the solids in the basket did not appear to be saturated. These sites are shown in Figure 6 . On the basis of the telephone survey and site visits, I concluded that the Waterless Sanitation System manufactured by Shasta was a feasible alternative for remote site waste treatment. However, for the units to operate properly they must be properly ventilated (forced ventilation is recommended) and not overloaded. overloading occurs whenever the liquid level reaches the solids in the basket or the solids fill the basket. Of these two possibilities, control of the liquid level appears to be most critical. To control the liquid level, the unit must be sized such that the usage rate will never exceed the evaporation rate or the planned pumpout rate* PROPOSED NEW SIZE SELECTION PROCEDURE Currently, the method used to select the unit needed for a particular usage rate is more of an art than a science. The manufacturer specifies usage rates for each unit but these rates do not change according to local variations in evaporation rates. 'this is unrealistic because a unit located in a humid environment will not evaporate as much liquid as one located in a dry environment. The manufacturer is aware of potential variations in usage rates but has no way to account for them in the present selection procedure. A more rational approach is needed that will take this factor into account.
If liquid removal is assumed to be by evaporation only, then the unit could be designed to operate without pumping if the annual usage rate matched the annual evaporation rate. Mathematically, this equality can be 7.48 -conversion factor, ft 3 to gal.
A -liquid surface area in tank, ft 2 E -average annual depth of liquid evaporated from tank, ft.
Solving for N, eq 1 becomes N 7.48 AE.
The values of A are 9.0, 7.9, 7.9 and 19.6 ft 2 for the 140-, 250-, 350-and 500-gal. units, respectively. Note that the surface area of the 140-gal. unit is larger than that of both the 250-and 350-gal. units.
Therefore, on the basis of liquid removal by evaporation alone, the 140-gal. unit will allow a greater usage rate. However, the 250-and 350-gal.
units have a greater storage capacity, which can be important if the usage pattern varies widely or pumping is planned.
According to Fair et al. (1968) N -1346 E for a 140-gal. unit (3) N -1182 E for a 250-or 350-gal. unit (4) N -2932 E for a 500-gal. unit.
(5) The only unknown in the above equations is E, the average annual rate of evaporation from the in-ground storage tank. No information on E was found in the literature since the in-ground configuration is unique to this application. Also, the manufacturer was unable to provide these data. However, there is a readily available data base on pan evaporation kept by the National Oceanic and Atmospheric Administration (NOAA).
Pan evaporation is measured with a standard class A pan, which is a circular vessel constructed of unpainted galvanized iron, 4 ft in diameter and 10 in. deep. The pan is placed on a wooden frame 6.0 in. above the ground surface. It is filled with 8 in. of water, and the change in depth due to For design purposes it may be possible to estimate a value of E based on the average annual pan evaporation at the intended site. This approach has been used to estimate lake evaporation. A commonly accepted pan coefficient for lake evaporation is 0.70. For example, the estimated lake evaporation is 21 in. for a site where the average annual pan evaporation is 30 in. The pan coefficient for tank evaporation should be less than for lake evaporation because the liquid surface in the holding tank is shaded and below ground level, a condition which is not conducive to evaporation.
Even with a vent fan it is doubtful that air movement over the surface will equal that of an average wind over an open lake. More research is needed to determine this coefficient before this sizing procedure can be implemented.
If a single unit is not large enough to accommodate the onticipated use, the designer has a choice of either adding more units or pumping out the single unit on a regular basis. If more units are added, precautions must be taken to distribute usage evenly between the units* Otherwise some units will become overloaded and odors will be produced. One way of avoiding this situation would be to install multiple units at the same elevation and interconnect each tank with a pipe.
Removing None of t,-units is large enough to handle the estimated annual usage rate of 6570 uses/yr. However, as mentioned earlier, higher usage rates can be managed by increasing the number of units or pumping out the unit on a regular basis. For example, two 500-gal. units would provide 8502 uses/yr. Also, one 500-gal. unit pumped once each year would provide 9631 uses/yr (4251 uses/yr from evaporation and 5380 uses per pump-out).
Seven alternative management schemes are shown in 1,.a-ataa..a.   a-a..a.. ,.fta.a.,a.. No garbage.
Liquid may have to be pumped.
Expect little evaporation -100 in. rain/yr.
AESTHETICS
No odor problem.
ADDITIONAL CO hIENTS
Wilderness area -access by float plane.
20
--------------. 
AESTHETICS
There were some odor problems. Need. wind for ventilation. Odors could be caused by lack of seal at the bottom of the privy (i.e. odors came up inside privy rather than through stack).
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